Many ecologic studies 0,2) of Japanese encephalitis (jE) virus have recognized that swine in Japan are naturally infected in high incidence and are an important natural source of virus for Culex tritaeniorhynchus proved to be the vector mosquito. Therefore, it is necessary to prevent viremia in swine in order to eliminate the natural source of infection. For this purpose, we tried a method of vaccination using inactivated JE virus vaccine, but the antibody response was found very low.
Freund's adjuvant was widely used for yielding high antibody in rabbits and guinea pigs (3) (4) (5) (6) . And we developed a method of vaccination using inactivated JE virus vaccine supplemented with Freund's complete adjuvant in 1968 (7) . In the previous report (7, 8) , we recognized that swine inoculatedJE vaccine supplemented with complete adjuvant showed higher titers of hemoagglutination-inhibiting (HI) and neutralizing (NT) antibody than those swine inoculated JE virus alone.
In the present study, we examined effects of inactivated JE vaccine supplemented with Freund's complete adjuvant on antibody response of swine having trace or lack of antibody by HI and NT tests. And we also tested whether occurrence of viremia in swine caused by natural infection can be protected by antibody induced with inoculation of vaccine or not. In addition to this, the effect of vaccination on swine having maternal HI antibody was conducted.
MATERIALS AND METHODS

Materials;
JE vaccine; JE vaccine for animal use (formalin inactivated vaccine, containing 0.01 wIv % of ethyl-mercury thiosalicylic acid, sodium salt) was used.
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Adjuvant; Freund's complete adjuvant (Difco Lab.) was used. Pigs; Pigs older than 2 months without showing any HI reaction due to maternal antibody, and pigs 1.5 month ages, showing I : 80 of HI antibody titer were employed. These animals were raised in Takahashi district, Okayama Prefecture, where JE virus is epidemic every year.
Methods:
Vaccination; Pigs having a trace or lacking in maternal antibody were divided into two groups. One group was inoculated with 3 ml, 3 ml and 4 ml of JE vaccine intramuscurlary in the neck, successively at one week interval. The other group was inoculated with 6 ml, 6 ml and 8 ml of mixed suspension of equal volume of JE vaccine and complete adjuvant on the same schedule. Pigs having maternal antibody were inoculated with 6 ml of mixed suspension of JE virus.
Collection of the pig serum; Blood of pigs having trace or lacking in maternal antibody was obtained from auricular vein at about one week interval after first inoculation, and on August 28, when the rise in HI titers of pigs was believed to have completed, the last lots of blood were collected. The blood of pigs having maternal antibody was taken at about one week interval. Blood was centrifuged and serum was used for determination of antibody.
Determination of antibodies in the serum; Hemoagglutination inhibiting (HI) antibody titers in the sera of pigs were tested by the technique of the HI test following the modified method of CLARK and CASALS (9) . The hemoagglutination antigen used was JaGAr strain (Takeda Co.) purified with ether after the passage through suckling mouse brain.
Neutralizing (NT) antibody titers were measured by 50 % of plaque reduction, using cultures of chick embryo fibroblast, employing the method of KODAMA, SASAKI and INOUE (10), modified method of PORTERFIELD (11) . Sera were inactivated at 56°C for 30 min. before use. And the sera four dilutions from 1: 2 to 1 : 8192 were mixed with an estimated 33.07 plaque forming units of the virus in the form of an infected mouse brain suspension on JaGAr 01 SME strain by succesive passage.
Equal volumes of diluted serum and virus in Hank's balanced salt solution containing 5 % antibody-free calf serum were mixed. The mixtures were incubated for 2 hours at 37°C and 0.4 ml of each one was inoculated into two drained plate cultures of PS cells. After an adsorption period of 90 min. at 37°C, the monolayers were covered with agar. The first overlay contained final concentrations of 1.0 % agar 0.5 % lactalbumin hydrolysate 0.4 % glucose, 0.05 % yeast extract and 0.225 % sodium bicarbonate in Earle's solution included one hundred unit of penicillin and 100 ,Ltg of streptmycin/ml. After 2 days of cultivation, a second overlay containing 1.096 agar and 1 : 10,000 neutral red in Earle's salt solution was added. Two days later, the plaque counts of both plates at each serum dilution were compared with a number of plaques in the control without antiserum. The serum dilution causing 50 % reduction in plaque count was calculated by Karber's method and neutralizing antibody titer was expressed by n of the formula 10 x 2°and also this value was taken as the multiple of the serum dilution. The group receiving inoculation ofJE vaccine with adJuvant: Pigs receiving the second inoculation on 6 days after inoculation, showed no detectable antibody. And on days 63 and 70 level of the antibody attained its maximum, showing 1 : 810 of HI titer then decreased gradually and on day 84, HI titer showed 1 : 400. Thereafter titer of antibody increased to 1 : 908 on 92 day, suggesting natural infection, which proved to be 2·ME resistant antibody.
The group receiving inoculation ofJE virus alone: On 36 day after inoculation, pigs showed no detectable antibody, and on days 56 and 53, level of antibody attained its maximum, showing 1 : 30 of HI titer, then decreased gradually and titer showed 1 : 20 on 70, 77 and 84 day. Thereafter HI titer increased to 1 : 400 on 92 day and 1 : 645 on 96 day which proved to 
Summarizing these findings:
It is obvious that the maximum HI antibody titer in the pigs inoculated vaccine with adjuvant as compared to that of pigs inoculated vaccine alone is 810: 30 or 27 fold of the titer.
NeutraliZing antibody response: On day 84 after the inoculation of vaccine with adjuvant the NT titer was 1 : 2550 and it was only 12 in the pigs inoculated with vaccine alone.
Viremia in pigs: JE virus was detected in the blood of two out of four control pigs naturally infected, on August 22, 1969 in the bloods. How. ever, viremia was not demonstrated in three swine inoculated vaccine with adjuvant and three swine inoculated vaccine alone. JE virus of blood was inoculated in suckling mouse brain and was separated by ether purification method, after suckling mouse passage, 5 times. Thereafter, hemoagglutination reaction at various range of hydrogen ion concentration was tested. Optimum hydrogen ion concentration of separated virus was pH 7.8 ( Table 2) . As optimum hydrogen ion concentration of hemoagglutina. tion reaction of Nakayama strain was reported as pH 7.8 and that of JaGAr was as pH 7 .4, the isolated virus was supposed to be JaGAr strain. Effect of vaccination on antibody production of pigs having maternal antibody in the sera: Pigs which recognized maternal antibody of 1 : 80 of HI antibody titer in the sera were inoculated with inactivated vaccine supple. mented adjuvant and HI antibody response was determined. Decrease in the level of HI antibody titer of pigs with inoculation after time lapses was similar to those without inoculation, and 2·ME sensitive antibody was not recognized in the serum on 20 days after inoculation as shown in Table 3 . Therefore, HI antibody response was not recognized in pigs having maternal antibody. The immunization method of protein antigen supplemented with Freund's complete adjuvant was characterized by its feature of maintaining high antibody titers in the rabbits, chicks and guinea pigs. (3) (4) (5) . An attempt has been made for application of swine with inactivated JE vaccine.
In our study on the effects of inactivated JE vaccine supplemented with complete adjuvant in swine, it has been demonstrated that the vacci. nation by this method yields higher HI and neutralizing antibody titers than that with vaccine alone, and the antibody titer can be maintained at high level. As the pigs inoculated with such a vaccine have high antigen titers, it is thought that the onset of viremia can be prevented in pigs when a considerable lapse of time after the vaccination.
As to the relation between the dose of vaccine and magnitude of antibody response, maximum level of HI antibody of pigs received inoculation of vaccine with adjuvant twice, 2 ml in each showed average titer of 1 : 200 as described previously (7), and those inoculated three times, 6 ml, 6 ml and 8 ml respectively was I : 810 as shown in this experiment.
In the case of pigs inoculated vaccine alone, the maximum level (7) of HI titers in the sera of two pigs inoculated with 1 ml vaccine twice was 1 : 10 and below 1 : 10 respectively, showing possibility of inducing viremia as described in later. Pigs inoculated with vaccine alone showed different HI titer each other in this experiment, No.4 and No.5 swines showed HI titer of below 10 and 10 respectively and No.6 showed HI titer of 80 on July 31 and August 7.
SHERER, et at. (2) examined viremia in pigs naturally infected, while in mosquito traps, and three pigs demonstrated viremia, one pig showed an HI titer of 1 : lOin the serum and the other two showed HI titers of below 10. Therefore, possibility of viremia in pigs inoculated vaccine alone is considerable, though we could not detect viremia in the blood.
In our experimenl effect of vaccination on antibody response of pigs having maternal antibody was not recognized. As to the reason, the incomplete antibody production of pigs in young age or neutralization of vaccine at injected place and blood by maternal antibody can be considered. As colostrum deprived pig could be produced HI and NT antibody as described by KODAMA, SASAKI and INOUE (9) , the neutralizing of vaccine by maternal antibody was taken into consideration.
CONCLUSION
As to trial toward the elimination of Japanese encephalitis virus in natural surroundings, pigs received inoculation of inactivated Japanese encephalitis vaccine supplemented with complete Freund's adjuvant twice at one-week interval. Effect of adjuvant supplement on the magnitude of antibody and also prevention of viremia caused by natural infection by antibody induced with vaccine were investigated. The results of this study are summarized as follows.
1. In the group of pigs inoculated with vaccine containing adjuvant, titer of hemoagglutination inhibiting and neutralizing antibodies was higher than those inoculated with vaccine alone and their high titer persisted.
2. With respect to natural infection of pigs, on August 22 when the pigs were thought to have been infected, there was observed a rise in antibody titers. And on antibody formed in those pigs inoculated with vaccine with or without adjuvant proved to be all 2-ME resistant type, whereas the antibodies produced in control group were 2-ME sensitive antibody.
3. Viremia was detected in the blood of pigs naturally infected, but it was not demonstrated pigs inoculated with vaccine supplemented with adjuvant or without adjuvant. The virus of pig blood which was inoculated into suckling mouse brain and was separated after low suckling passage mouse was supposed to be JaGAr strain from optimum hydrogen ion concentration of its hemoagglutination reaction.
